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(54) HYDROPHIUC MATERIAL 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a photo catalytic hydrophilic 
material for practical purposes which responds to visual light rays. 
SOLUTION: A film of a photocata lytic substance having a Ti-O-N of 
Ti-O-S structure is formed on a substrate 11, and then, a 
water-storing substance composed of Si02, or the like, is mixed with 
the film to form a composite layer 12. By doping titanium oxide with 
nitrogen or sulfur, the composite film absorbs visible light rays having 
longer wavelengths than the wavelengths of ultraviolet rays to enable 
formation of an electron and a positive hole. These electron and 
positive hole react with water present in the water-storing substance 12/ 
to form a hydroxyl ion, or the like, and a hydrophilic hydroxyl group is 
formed in the surface of the material. The hydroxyl group thus 
produced forms a very wettable state to water to exhibit hydrophilicity. ~ 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Hydrophilic material which can form a layer on a substrate including the photocatalyst matter which comes to 
arrange a nitrogen atom a nitrogen atom at the grain boundary of the polycrystal aggregate of doping or a titanium oxide 
crystal between the grids of substitution and a titanium oxide crystal by the nitrogen atom for a part of oxygen site of a 
titanium oxide crystal, and the effusion nature matter which has effusion nature. 

[Claim 2] Hydrophilic material which can form a layer on a substrate including the photocatalyst matter which comes to 
arrange a sulfur atom a sulfur atom at the . grain boundary of the polycrystal aggregate of doping or a titanium oxide 
crystal between the grids of substitution and a titanium oxide crystal by the sulfur atom for a part of oxygen site of a 
titanium oxide crystal, and the effusion nature matter which has effusion nature. 

[Claim 3] It is a hydrophilic material in which the aforementioned effusion nature matter contains a silicon oxide at least 
in a hydrophilic material according to claim 1 or 2. 

[Claim 4] It is a hydrophilic material which the aforementioned photocatalyst matter and the effusion nature matter are 

compounded in a hydrophilic material according to claim 1 or 2. and is formed in one compound layer. 

[Claim 5] Hydrophilic material which made at least one sort of co-catalyst matter of Pt, Pd, nickel, RuOX, NiOx, and the 

SnOx(es) support near the front face of the aforementioned compound layer in a hydrophilic material according to claim 

4. 

[Claim 6] It is a hydrophilic material to which the photocatalyst matter and the effusion nature matter are formed in in 
layers in a hydrophilic material according to claim 1 or 2, respectively, and the laminating of these is carried out 
[Claim 7] Hydrophilic material which made the border area of a photocatalyst matter layer and an effusion nature 
matter layer support at least one sort of co-catalyst matter of Pt, Pd, nickel, RuOX, NiOx, and the SnOx(es) in a 
hydrophilic material according to claim 6. 

[Claim 8] Hydrophilic material which has the layer which consists of titanium oxide between the aforementioned 
photocatalyst matter layer and an effusion nature matter layer in a hydrophilic material according to claim 6. 
[Claim 9] Hydrophilic material which is characterized by providing the following and which can form a layer on a 
substrate including the effusion nature matter. The 1st matter chosen at least one sort from Ti, Zn, and Sn. The 2nd 
matter chosen at least one sort from V, Cr, Mn, Fe, Co, nickel, Cu, Zn, Ru, Rh, Re, Os, Ir, Pt, and Pd Photocatalyst 
matter which comes to arrange a nitrogen atom or a sulfur atom a nitrogen atom or a sulfur atom on the grain boundary 
of doping or the polycrystal aggregate of a multiple oxide between substitution and the grid of a multiple oxide by the 
nitrogen atom or the sulfur atom for a part of oxygen site of these multiple oxides. Effusion nature. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a hydrophilic material which occurs a 

photocatalysis in the light and demonstrates a hydrophilic property 

[0002] 

[Description of the Prior Art] Conventionally, many things, such as Ti02 (titanium oxide : titania). CdS (sulfuration 
cadmium NIUMU), W03 (tungstic trioxide), and ZnO (zinc oxide), are known as a photocatalyst material. Such 
photocatalyst material absorbs light and generates an electron and an electron hole. Therefore, those 
oxidation-reduction reactions can give antibacterial, an antifouling property, fog resistance, etc. to a front face. Here, 
what is put in practical use as a photocatalyst till present is only Ti02. This is because Ti02 is excellent in the 
viewpoint of toxicity and the stability (acid resistance, alkali resistance, etc.) of the material itself compared with other 
materials Moreover, in titanium oxide. I hear that the anatase structure has more high photocatalyst activity and they 
are used. [ many ] For example, in JP.2756474.B. a No. 2865065 official report etc.. fundamentally, this anatase type 
titania and the silica (Si02) of effusion nature (hydrophilic property) were compounded, or the laminating was carried 
out and the hydrophilic property is realized. 
[0003] 

[Problem(s) to be Solved by the Invention] However, an absorbable light is restricted to ultraviolet radiation and the 
titania had the problem that neither sunlight nor fluorescent lamp light could be used efficiently. That is, the band gap of 
anatase type titanium oxide presents photocatalyst activity only by ultraviolet rays with a wavelength of 380nm or less 
by about 3.2eV. For this reason, although there was activity under sunlight a little, it was completely difficult in the 
about 400nm - 800nm light to acquire the effect of hydrophilicity sufficient in in the car [ for which do not have activity 
and the fluorescent lamp and the lamp are used / the interior of a room or in the car ]. 

[0004] What was indicated by JP.9-262482.A is known as titanium oxide which improved this fault In this official report 
the ion implantation of the metals, such as Cr (chromium) and V (vanadium), is carried out to a titania, the optical 
absorption also of the visible region is carried out and it enables photocatalyst operation. However, although there will 
be much reports from the first half of the 1 970s about doping of Cr, V, etc., in these reports, it has not supposed that 
operation by the light was attained, and JP.9-262482.A is making [ which is called an ion implantation ] the technique of 
doping, such as Cr and V, special, and enables operation in the light 

[0005] And although ion-implantation is a method generalized in semiconductor industry, equipment is large-scale, and 
operation cost is also very high and it is difficult [ it ] to apply to manufacture of the photocatalyst of versatility as it is. 

[0006] Moreover, in JP.10-310653.A. the hydrophilic member to which the optical absorption also of the visible region 
was carried out and it enabled photocatalyst operation is proposed using the optical semiconductor material of W03 or 
Fe203 grade. However, the material proposed here does not have chemical stability, is eluted with an acid or alkaline 
solution, and is lacking in practicality. 

[0007] this invention is made in view of the above-mentioned technical problem, is a light catalytic hydrophilic material 

which functions by the light and aims at offering a practical thing. 

[0008] 

[Means for Solving the Problem] this invention is characterized by the ability to form a layer on a substrate including 
the photocatalyst matter which comes to arrange a nitrogen atom a nitrogen atom on the grain boundary of the 
polycrystal aggregate of doping or a titanium oxide crystal between the grids of substitution and a titanium oxide crystal 
by the nitrogen atom for a part of oxygen site of a titanium oxide crystal, and the ****** matter which has ******. 
[0009] Moreover, this invention is characterized by the ability to form a layer on a substrate including the photocatalyst 
matter which comes to arrange a sulfur atom a sulfur atom on the grain boundary of doping or the polycrystal aggregate 
between substitution and a grid by the sulfur atom for a part of oxygen site of a titanium oxide crystal, and the ****** 
matter which has ******. 

[001 0] By doping nitrogen or sulfur to titanium oxide, the valence band of the semiconductor which oxygen governs is 
influenced, a new energy level is formed inside the band gap of Ti02 oxide, and a band gap becomes narrow. 
Consequently, the light of long wavelength is also absorbed and it becomes possible from ultraviolet rays to generate an 
electron and an electron hole. These generated electrons and electron holes react with the water contained in the 
****** matter, and generate a hydroxide ion etc. This generated hydroxyl group forms in the front face of the light 
catalytic matter and the ****** matter the state of being very easy to get wet to water, and discovers a hydrophilic 
property. Furthermore, the generated electron and an electron hole disassemble the organic substance adhering to the 
front face etc. Moreover, since the light catalytic matter of this invention is chemically used based on stable Ti02, it 
has the resistance to environment 

[001 1] Moreover, it is suitable for the aforementioned ****** matter that a silicon oxide is included at least A silicon 
oxide is the ****** matter, a hydrophilic property is not only improvable, but it is hard also in degree of hardness, and 
its mechanical strengths of the layer itself, such as abrasion resistance, improve. 

[0012] Moreover, it may be compounded, the aforementioned photocatalyst matter and the ****** matter may be 
formed in one compound layer, it may be formed in layers, respectively, and the laminating of these may be carried out 
Also in which composition, sufficient hydrophilic ability can be obtained according to the synergism of the photocatalyst 
matter and the ****** matter. 

[0013] Moreover, it is suitable to make at least one sort of co-catalyst matter of Pt Pd. nickel. RuOX, NiOx, and the 
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SnOx(es) support, or to make the border area of a photocatalyst matter layer and a ****** matter layer support at 
least one sort of co-catalyst matter of Pt Pd. nickel. RuOX. NiOx. and the SnOx(es) near the front face of the 
aforementioned compound layer. 

[0014] These co-catalysts have the function which catches an electron or an electron hole. Therefore, by arranging 
this, the reunion of an electron and an electron hole can be prevented and degradation of a photocatalyst function can 
be prevented. 

[0015] It is suitable between the aforementioned photocatalyst matter layer and a ****** matter layer to have the 
layer which consists of titanium oxide. Titanium oxide is the very suitable matter to demonstrate a hydrophilic property, 
and can aim at hydrophilic improvement by including the layer of titanium oxide. 

[0016] Moreover, the 1st matter with which at least one sort of this inventions were chosen from Ti, Zn, and Sn, The 
2nd matter chosen at least one sort from V, Cr, Mn, Fe, Co, nickel, Cu. Zn, Ru, Rh, Re. Os, Ir, Pt and Pd, A nitrogen 
atom or a sulfur atom replaces a part of oxygen site of these multiple oxides. It is characterized by the ability to form a 
layer on a substrate including the photocatalyst matter which comes to arrange a nitrogen atom or a sulfur atom a 
nitrogen atom or a sulfur atom on the grain boundary of doping or the polycrystal aggregate of a multiple oxide between 
the grids of a multiple oxide, and the ****** matter which has ******. 

[0017] As photocatalyst matter, not only a titania but ZnO and SnOX can be used, by doping transition metals, such as 
nitrogen or sulfur, and V, Cr, also about these, a valence band receives influence in the conduction band row of a 
semiconductor, a new energy level is formed inside the band gap of a metallic oxide, and a band gap becomes narrow. 
Therefore, the light to absorb can be shifted to a long wavelength side, and the more suitable hydrophilic ability as a 
light of operation can be demonstrated for the light 
[0018] 

[Embodiments of the Invention] "Operation form 1" drawing 1 is drawing showing the composition of the operation form 
1. The compound layer 12 of the photocatalyst matter and ******** is formed in the front face of a base material 11. 
This compound layer 12 has Ti-O-N which replaced a part of site of the oxygen of a titanium oxide crystal with 
nitrogen or sulfur, or Ti-O-S composition, is a compound layer which compounded the photocatalyst matter which 
discovers a photocatalyst operation in a light region, and ********, such as Si02 and SiO, and shows a hydrophilic 
property. 

[001 9] Sheet glass, a ceramic substrate, etc. can be used for a base material 1 1 . Moreover, the photocatalyst matter 
which constitutes the compound layer 12 has fundamentally the structure where a part of oxygen site of a titanium 
oxide (Ti02) crystal was replaced by nitrogen or sulfur. In addition, the composition that a nitrogen atom or sulfur was 
arranged on the grain boundary of the structure where nitrogen or sulfur was doped between the grids of a titanium 
oxide crystal, or the polycrystal aggregate may be used, and these may be intermingled. 

[0020] However, Ti. and N or S has the direct chemical bond. For example, in Ti-O-N, a nitrogen atom shows the peak 
which originates in Ti-N combination near 396-397eV in the measurement result of 1s husks of the nitrogen N by XPS 
(X-ray PhotoemissionSpectroscopy) using the Mg-Kalpha X-ray. 

[0021] Moreover, the composition ratio of Ti-O-N or Ti-O-S is 0<(N or S) <13%. A rutile or an anatase is sufficient as a 
titanium oxide crystal. Moreover, the effusion matter may be a material to which the water of Si02, SiO. and Ta205 
grade tends to stick, and crystallinity or a non-fixed form is sufficient as structure. 

[0022] These photocatalyst matter and the effusion matter are compounded, and the compound layer 12 is formed in 
the front face of a base material 11. Here, as for both the ratios to compound, the photocatalyst matter should just be 
contained further 5 to 95% that the photocatalyst matter and the effusion matter should just be contained. In addition, 
when forming the compound layer 12, the crystallinity of the photocatalyst matter needs to be held. 
[0023] Since the photocatalyst matter absorbs a part of light when applying the hydrophilic material of this operation 
gestalt to the use which the lights, such as a mirror and a windowpane, penetrate especially, it is desirable to use a 
transparent material of Si02 grade for the effusion matter, and to adjust transparency and coloring nature with 
thickness and a compound ratio. 

[0024] Next the case of Ti-O-N which is an example of the manufacture method of the operation gestalt 1, and the 
compound layer 12 of Si02 is explained. 

[0025] First nitrogen is doped for crystalline Ti02 particle with 700-degree-C heat treatment under ammonia 
atmosphere. The colloidal silica of the particle and inorganic binder is mixed, and application liquid is produced, using 
water and ethanol as a solvent The compound layer 1 2 is formed in the front face of a base material 1 1 for this 
solution an application, a spray, or by carrying out dipping. It is made to stabilize by performing 150-degree C heat 
treatment after room temperature dryness after that 

[0026] Moreover, in the sol gel process and other particle producing method, as long as an Ti-O-N particle is the 
method by which a part of oxygen site of a titanium oxide crystal is replaced by the nitrogen atom, you may produce it 
by what method. . 
[0027] The same is said of the case of sulfur introduction. However, even if nitrogen and sulfur mix in titanium oxide in 
the state combined with oxygen, for example, an integrated state like N03 and S03, light responsibility like this 
invention cannot be discovered. 

[0028] Not only by ultraviolet radiation but by light incidence with a wavelength of 400nm or more, a photocatalyst 
function is discovered and a front face hydrophilicity-izes the compound layer 12 of this operation form produced as 
mentioned above. Furthermore, as a result dirt prevention and fog resistance are stably maintainable. And since it is 
not an expensive method like an ion implantation, it can manufacture cheaply. 

[0029] Therefore, the glass-plate material for construction, a mirror, the sheet glass for vehicles, a mirror, etc. can use 
especially the light response hydrophilic material of this invention for the use which can demonstrate a hydrophilic 
property by light irradiation also in the environment where ultraviolet rays the interior of a room and in the car do not 
hit 

[0030] "Operation form 2" drawing 2 is drawing showing the composition of the operation form 2. With this operation 
form 2, it has the composition which ****(ed) any one or more kinds of co-catalysts 1 3 of Pt Pd, nickel, RuOx, NiOx, 
and SnOx in the composition of the operation form 1. By the co-catalyst 13, the photocatalyst activity not only to 
ultraviolet radiation but the light improves. This has fundamentally the function in which these co-catalysts catch an 
electron or an electron hole, and depends it on the reunion of the electron generated by the photocatalysis and an 
electron hole being prevented. 

[0031] "Operation form 3" drawing 3 is drawing showing the composition of the operation form 3. The photocatalyst 
matter layer 14 is formed in the front face of a base material 11. This photocatalyst matter layer 14 has Ti-O-N which 
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replaced a part of site of oxygen by the titanium oxide crystal with nitrogen or sulfur, or Ti-O-S composition, and 
discovers a photocatalyst operation in a light region. On this photocatalyst matter layer 14, the light of Si02 grade is 
penetrated and ********** 15 of ****** is formed. 

[0032] The photocatalyst matter layer 14 consists of photocatalyst matter of the operation gestalt 1, and has 
fundamentally the structure where a part of oxygen site of a titanium oxide crystal was replaced by nitrogen or sulfur. 
In addition, the composition that a nitrogen atom or sulfur was arranged on the grain boundary of the structure where 
nitrogen or sulfur was doped between the grids of a titanium oxide (Ti02) crystal, or the polycrystal aggregate may be 
used, and these may be intermingled. 

[0033] Moreover, the composition ratio of Ti-O-N or Ti-O-S is 0<(N or S) <13%. A rutile or an anatase is sufficient as a 
titanium oxide crystal. Moreover, a translucency and the effusion matter layer 15 are material to which the light of 
Si02, SiO, and Ta205 grade is penetrated (not carrying out even if it penetrates is also good as for ultraviolet rays), 
and water tends to stick. Crystallinity or a non-fixed form is sufficient as structure. Moreover, it may not be a 
homogeneous layer as shown in drawing 3 , and it does not matter even if irregular. In addition, it receives visible and 
the need of being a translucency is for starting a photocatalysis in the photocatalyst matter layer 14. The thickness of 
this translucency and the effusion matter layer 15 is related to the electron generated in the photocatalyst matter 
layer 14, and the distance which can move in an electron hole. That is, 2nm or more and 100nm or less are suitable. 
[0034] Next an example of the manufacture method of the operation gestalt 3 is explained. Here, the method which 
used the sputtering method is shown. Base-material 1 1 prepared front faces, such as a glass plate, are washed, into the 
vacuum chamber of a sputtering system, with Ti02 target and Si02 target it sets and evacuation is carried out After 
exhausting to a predetermined degree of vacuum, inert gas and nitrogen gas, such as Ar, are introduced, the spatter of 
the Ti02 target is carried out in plasma (Ar+N2), and an Ti-O-N layer is formed in a base-material front face. Then, the 
inside of a vacuum chamber, or once taking out in air, it heat-treats at 550 degrees C in nitrogen-gas-atmosphere 
mind. The photocatalyst matter layer 14 is crystallized with this heat treatment And on the base material 1 1 in which 
the crystallized photocatalyst matter layer 14 was formed, the spatter of the Si02 target is carried out in plasma 
(Ar+02) into a sputtering system, and it forms the SiO two-layer which is a translucency and the effusion matter layer 
15. 

[0035] Moreover, you may produce the operation gestalt 3 which is this laminated structure by another technique, such 
as a sol gel process. The same is said of the case of sulfur introduction. However, even if nitrogen and sulfur mix in 
titanium oxide in the state combined with oxygen, for example, an integrated state like N03 and S03, light responsibility 
like this invention cannot be discovered. 

[0036] A photocatalyst function is discovered in the photocatalyst matter layer 14 with not only ultraviolet radiation 
but light incidence with a wavelength of 400nm or more, and the front face of a translucency and the effusion matter 
layer 15 hydrophilicity-izes this invention produced as mentioned above. Furthermore, as a result dirt prevention and 
fog resistance are stably maintainable. Moreover, since front faces are a translucency and the effusion matter layer 1 5. 
if a hard material like Si02 and SiO as a material is chosen, abrasion resistance etc. will improve further. 
[0037] "Operation gestalt 4" drawing 4 is drawing showing the composition of the operation gestalt 4. It is drawing 
showing the composition which ****(ed) any one or more kinds of co-catalysts 13 of Pt, Pd, nickel, RuOx, NiOx, and 
SnOx on the photocatalyst matter layer 14 in the composition of the operation gestalt 3 with this operation gestalt 4. 
By the co-catalyst 13, the photocatalyst activity not only to ultraviolet radiation but the light improves. 
[0038] "Operation gestalt 5" drawing 5 is drawing showing the composition of the operation gestalt 5. The 
photocatalyst matter layer 14 is formed in the front face of a base material 1 1 . The titanium oxide (Ti02) crystal layer 
16 is formed on this photocatalyst matter layer 14, and the light of Si02 grade is further penetrated on it, and the 
matter layer 1 5 of effusion nature is formed. 

[0039] The photocatalyst matter layer 14 has Ti-O-N or Ti-O-S composition which a part of oxygen site of a titanium 
oxide crystal replaced with nitrogen or sulfur, and a photocatalyst operation is discovered in a light region. In addition, 
the composition that a nitrogen atom or sulfur was arranged on the grain boundary of the structure where nitrogen or 
sulfur was doped between the grids of Ti02 crystal, or the polycrystal aggregate may be used, and these may be 
intermingled. Moreover, the composition ratio of Ti-O-N or Ti-O-S is 0<(N or S) <1 3%. A rutile or an anatase is 
sufficient as a titanium oxide crystal. 

[0040] The titanium oxide crystal layer 16 is the anatase or rutile type crystal structure. Moreover, although the 
photocatalyst matter layer 14 and the titanium oxide crystal layer 16 are illustrating the laminated structure in drawing 
5. . both interface may not be clear in them. That is. the structure which nitrogen or sulfur increases is sufficient so 
that it is close to a base material 1 1. A part of the light or ultraviolet radiation of Si02, SiO, and Ta205 grade 
penetrates a translucency and the effusion matter layer 15, and they are the adsorptivity material of water. Crystallinity 
or a non-fixed form is sufficient as structure. Moreover, it does not matter even if forbidden-band width of face is 
smaller than 3.2eV of a titania and it is large. However, it is necessary to be a translucency. This is for absorbing the 
light in the photocatalyst matter layer 14, and causing catalytic reaction in the Ti02 crystal layer 16. Moreover, the 
thickness of this translucency and the effusion matter layer 15 is related to the electron generated in the 
photocatalyst matter layer 14, and the distance which can move in an electron hole. That is, 2nm or more and 100nm or 
less are suitable. 

[0041] "Operation gestalt 6" drawing 6 is drawing showing the composition of the operation gestalt 6. It is drawing 
showing the composition which ****(ed) any one or more kinds of co-catalysts 13 of Pt, Pd, nickel, RuOx, NiOx, and 
SnOx on the photocatalyst matter layer 14 in the composition of the operation gestalt 5 with this operation gestalt 6. 
By the co-catalyst 13. the photocatalyst activity not only to ultraviolet radiation but the light improves. 
[0042] The "operation gestalt 7" operation gestalt 7 is set in the composition of the operation gestalten 1-6. by using 
as M1-M2-0-N or an M1-M2-0-S (M1= — Ti, Zn, Sn;M2=V. and Cr, Mn, Fe, Co, nickel. Cu, Zn, Ru, Rh. Re, Os, Ir, Pt 
and Pd) crystal layer the photocatalyst matter which discovers a photocatalyst operation in a light region Furthermore, 
it is a hydrophilic material which formed the visible optical-absorption field into long wavelength, and raised the 
photocatalyst property. 

[0043] Here, M1-M2-0-N or M1-M2-0-S structure is the structure where a part of oxygen atom site was 
fundamentally replaced with M2 atom by nitrogen or sulfur for a part of site of M1 in the crystal structure of M1-0 
again. Thus, by replacing a part of cation by M2, and replacing a part of oxygen grid by the nitrogen atom or sulfur, 
according to both compound interaction, the crystal structure is stable and it becomes the band structure which can 
absorb the light to the wavelength of about 600 morenm. 

[0044] The addition of M2 is 0<M2<5%. Moreover, the addition of N or S is 0<(N or S) <13%. 
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[0045] 

[Example] The "example 1" example 1 is a hydrophilic material corresponding to the operation gestalt 1. On a 
soda-lime-glass substrate, the compound layer which compounded the photocatalyst matter and Si02 of effusion 
nature is formed Here, the photocatalyst matter has the Ti-O-N composition which replaced a part of site of the 
oxygen of a titanium oxide crystal with nitrogen, and discovers a photocatalyst operation in a light region. 
[0046] An example of the manufacture method is shown below. The soda-lime-glass board was prepared as a base 
material, and the usual backwashing by water and organic washing were performed. On the other hand, the anatase type 
crystallinity titanium oxide powder of commercial elegance was heat-treated at 700 degrees C of ammonia atmosphere, 
and the titanium oxide powder which made nitrogen contain was produced. It considered as the application solution 
using colloidal silica by using this powder for example, as an inorganic binder, using water and ethanol as a solvent The 
aforementioned base material was made to apply and dry this application solution, and heat treatment among [ of 150 
degrees C ] air was carried out The spray method or the dipping coat method was used as the method of application. 
200-400nm was applied as thickness. 

[0047] Next it evaluated with the example of comparison about the hydrophilic ability and the wear-resistant property 
of this example. That is, Ti-O-N (TiON) which is the photocatalyst matter as an example 1-1 to 1-3, and the thing 
which changed the rate of Si02 (Si02) which is the effusion matter were examined, in the example 1-4 (it corresponds 
to the operation gestalt 2), Co-catalyst Pt was added and the exposure of the light was set to other one half. Moreover, 
example of comparison 1-A is the compound layer of Ti02 and Si02, and other conditions made it the same as that of 
an example 1-1 to 1-3. . 
[0048] The hydrophilic ability (contact angle) of each example and abrasion resistance are shown in Table 1. While 
hydrophilic ability was hit and hit it to the fluorescent lamp (however, light with a wavelength of 400nm or less cut) 
indoors after producing a hydrophilic material here, the contact angle value of water after 20 day passes estimated. 
Moreover, abrasion resistance performed 1000 Taber abrasion tests of 200g load, made O the case where a subsequent 
overcast-ized value did not have degradation of 5% or less and hydrophilicity. and made except [ it ] x. 
[0049] 













TiON Si0 2 
(60$ (50%) 




0 




TiON S10 2 
(30$ (70$ 




0 




TION SIO2 
(70$ (30$ 


j 6#&T 


0 


MkMi-4 

(p tmm 


TION SI0 2 
(50$ (50$ 


5££TF 


0 


JfctWSl-A 


TiOa SiOa 
(60$ (60$ 


15* 


X 



In the example 1-1 to 1-3, it is maintained under light irradiation of sufficient hydrophilic ability, and also has abrasion 
resistance so that clearly from this table 1. On the other hand, hydrophilic ability was not maintained and it was not 
satisfied with the conventional anatase titania (Ti02) of the example of comparison, and the combination of Si02 about 
abrasion resistance, either. ^ n- u 

[0050] Furthermore, it was made Pt thickness, and ****(ed) 0.2nm, and, also in one half, the irradiation quantity of light 
of the light showed the same hydrophilicity as an example 1-1 to 1-3 and the wear-resistant ability of an example 1-1 
with a hydrophilic material of the example 1-4 which Ti-O-N made 50% and Si02 made 50%. 

[0051] The "example 2" example 2 is a hydrophilic material corresponding to the operation gestalt 3. It is a hydrophilic 
material which has Ti-O-N composition, formed the photocatalyst matter layer which discovers a photocatalyst 
operation in a light region on Si02 glass or the borosilicate glass base material, is a translucency and formed Si02 or 
the SiO layer of effusion nature on it further. 

[0052] Below, an example of the manufacture method is explained. This example shows the example produced using the 
multi-target sputtering system. 

[0053] The schematic diagram of a sputtering system is shown in drawing 7 .21 — a chamber mam part and 22 — a 
substrate electrode holder and 23 — a base material and 24 — Ti02 target and 25 — Si02 target, and 26 and 27 — 
for inactive chemical cylinders, such as Ar, and 32, as for an oxygen chemical cylinder and 36, an evacuation mouth, 
and 34 and 35 are [ a target shutter, and 28, 29 and 30 / the variable leak bulb of inert gas, such as Ar„ nitrogen gas, 
and oxygen gas, and 31 / a nitrogen chemical cylinder and 33 ] a matching box and 

[0054] Surface washing of Si02 glass or the borosilicate glass substrate was carried out and it considered as the base 
material. First, the base material was set to the substrate electrode holder 22, and evacuation of the chamber main part 
21 was carried out through the evacuation mouth of 36 to the 10-5Pa base. Ar and nitrogen gas were introduced into 
the chamber main part 21 through the variable leak bulbs 28 and 29 from bombs 31 and 32. The ratio of the nitrogen at 
this time is 40%, and was introduced to the pressure of 5x10 to 1 Pa. Then, RF power was supplied and Ti02 target 24 
was made to carry out RF electric discharge from the RF power supply 35 through a matching box 34. The regular time 
shutter 26 was opened, spatter membrane formation of the Ti-O-N layer was carried out electric discharge was 
stopped, and the mixed gas of Ar and nitrogen was exhausted. 

[0055] Then, the base material was heat-treated at the temperature of 550 degrees C, and the Ti-O-N layer was 
crystallized. Next Ar and oxygen were introduced into the chamber main part 21 through the variable leak bulbs 28 and 
30 from the bomb of 31 and 33. The ratio of the oxygen at this time is 5%, and was introduced to the pressure of 5x10 
to 1 Pa. Then, RF power was supplied and Si02 target 25 was made to carry out RF electric discharge from the RF 
power supply 35 through a matching box 34. The regular time shutter 27 was opened, spatter membrane formation of 
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the SiO two-layer was carried out electric discharge was stopped, and the mixed gas of Ar and oxygen was exhausted. 
[0056] Composition of an Ti-O-N layer is 31Q67N 2 and 100nm of thickness of Ti, and SiO two-layer thickness could 
be 20nm. In addition, when a SiO layer was formed, it carried out by installing a SiO target instead of Si02 target 
[0057] Next it evaluated with the example of comparison about the hydrophilic ability and the wear-resistant property 
of this example 2-1 to 2-4. In addition, in the example 2-1 to 2-3. what changed the thickness of Si02 (Si02) layer 
which is an effusion matter layer was examined, in the example 1-4 (it corresponds to the operation gestalt 2), 
Co-catalyst Pt was added and the exposure of the light was set to other one half. Mor over, in example of comparison 
2-A. it replaced with the Ti-O-N layer, and adopted TiO two-layer. 

[0058] Hydrophilic ability (contact angle) and abrasion resistance are shown in Table 2. While hydrophilic ability was hit 
and hit it to the fluorescent lamp (however, wavelength of 400nm or less cut) indoors after producing hydrophilic 
material here, the contact angle value of water after 20 day passes estimated. Moreover, abrasion resistance performed 
1000 Taber abrasion tests of 200g load, made O the case where a subsequent overcast-ized value did not have 
degradation of 5% or less and hydrophilicity. and made except [ it ] x. 
[0059] 
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In an example 2-1 to 2-4, hydrophilic ability is not maintained in the conventional anatase titania of the example of 
comparison, and the combination of Si02 to sufficient hydrophilic ability being maintained under light irradiation so that 
clearly from Table 2. The examination was satisfied about abrasion resistance. 

[0060] Moreover, with a hydrophilic material of the example 2-4 which it was made Pt thickness, ****(ed) 0.2nm, and 
was further formed 20nm of SiO layers on the Ti-O-N layer, the irradiation quantity of light of the light showed the 
same hydrophilic ability also one half of examples 2-1. 

[0061] In this example, although the composition ratio of 2 was mentioned 31067Ns of Ti of hyperoxia, a composition 
ratio is not restricted to this. That is, even if it is reduction composition like [ 37067Ns of Ti ] 2, light operation of this 
invention is realizable. 

[0062] The "example 3" example 3 is the hydrophilic material corresponding to the operation gestalt 5 shown in 
drawing 5 . It is a hydrophilic material which formed sequential for the Ti-O-S layer and the titanium oxide layer on the 
ceramic substrate, is a translucency and formed the SiO two-layer of effusion nature on it further. Layer thickness is 
200nm, 50nm. and 20nm. respectively. In the example 3, even if it irradiated the light 400nm or more for 1 hour and left 
[ more than ] it in the dark place after that on the 10th, the hydrophilic property of five or less contact angles of water 
was held. On the other hand, in conventional titanium oxide and the layered product of Si02. it became 20 degrees or 



more. 



[0063] The "example 4" example 4 is equivalent to the operation gestalt 7. formed the Ti-Cr-O-N layer on the 
silica-glass board, and formed SiO two-layer on it further. Layer thickness is 200nm and 20nm. respectively. Moreover, 
composition of an Ti-Cr-O-N layer is N1.5at% Cr3at%. In this example, the hydrophilic property of five or less contact 
angles was maintained also by the light 450nm or more. 
[0064] 

[Effect of the Invention] As explained above, a hydrophilic material of this invention answers also by the light presents 
a photocatalyst function, and hydrophilicity-izes a front face. Therefore, also not only in the outdoors but in in the car 
which are ultraviolet radiation / which are not or it is few / the interior of a room or in the car ], a hydrophilic property 
is discovered by the lights, such as a fluorescent lamp and a lamp. Consequently, dirt prevention and fog resistance can 
be presented stably. Moreover, since an Ti-O-N or Ti-O-S system is the Ti02 base, it can be chemically used for 
stability for a long period of time like other stable photocatalyst semiconductor materials (CdS, W03, Fe2 03, ZnO, 
etc.). without being eluted by acid alkali. , 
[0065] Moreover, material Si02, SiO, etc. of effusion nature are hard also in degree of hardness, and its mechanical 
strengths of the layer itself, such as abrasion resistance, also improve. 
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DESCRIPTION OF DRAWINGS 



Prawins 2 



Drawing 3 



Drawing 4 



Brief Description of the Drawings] 

Drawing 11 It is drawing showing the composition of the operation gestalt 1. 

" It is drawing showing the composition of the operation gestalt 2. 
It is drawing showing the composition of the operation gestalt 3. 
It is drawing showing the composition of the operation gestalt 4. 
It is drawing showing the composition of the operation gestalt 5. 
It is drawing showing the composition of the operation gestalt 6. 

^ is drawing showing the composition of a sputtering system. 

^Description of Notations] . 
1 1 A base material, 12 A compound layer, 13 A co-catalyst 14 A photocatalyst matter layer. 15 An effusion matter 
layer, 16 Ti02 crystal layer. 



Drawing 5" 



Drawing 6 



Drawing 7 
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f-^>1»*^T>- ; e-r#ffl^,7 0 0*c-cffc3i!SL, s 
ii*ii?g$£, friesstw^ffit. «s«$*i 5 0-cos 
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tt-f-f v\*y?*-hm*m^t:. LT. 2 00 

—4 0 Onmi^Uc. 

[0047] 4»«<^^ttt6fc J:t/W«ttfitt 

mm 1 - 1-1 - 3 LT3K«HKft«T*iT i -O 
-N (TiON) k^*ftltr*«g>S i 0 2 (S i O 
2) ^ffl^£^Lfcfc<OS:H«U 

io 2 i:Si Ot^m^m-ch *^ft<o*ttt4« 

l-l-l-3kH- kLfc. 



[oo48]^i -e<i-e<i^iBSff!kojH*ttffi 

S4 0 0nm«Tc07t^7b) £fcT&**£> 2 0 BIS 

OkU **U^h£xfcLfco 
[0049] 

[ftl ] 





**ux mew 




mm 




TiON SI02 
(509 (50* 




0 




TiON SlOa 
(30* (70* 




0 




TiON SIO2 
(70* (30* 




0 j 




TION SO2 
(50* (5015) 


5AKT 


0 




TlOa SiO a 
(60* (60* 


16* 


X 



zcom 1 &h i>whfr% i ? nskffii 1-1-1-3 

Six, *^B!^ttk*LT^&. rixWtfU JtSWJ 
<0«*<07-*-*— -tff^-T (Ti0 2 ) kSi0 2 « 

[00 50] SfctC, PtBWfcLTO. 2nmffiJ# 
U Ti-O-N#50X, SiO 2 tf5 0%kL/iS 

sfew 1 - 4 ^s*tt*mrfcj: „ "T^^sastaKa^^* 
«i-i^)i/2tt, mmmi- 1-1-3 tmm<o 

[oo5i] rmmm2 j ^ssct2^hm^s3 k:*«s 

^SJH*ttl5fST*>6. S i Oj^ifctt^^M 

[00 52] JSlTfc, ^^OSJi^ffiO— WcoVvtffcHJl 

[0053] 127 £14. Artv 9 V V^Sco«o&HSr 
2 1ttt*^#, 2 2««S*;^ 2 3*4 
24t4Ti Oj^yvh, 2 5t4Si0 2 ^-y 
«yh, 2 6^2 7(^-^7 bis*vf* 28. 2 
9i5<J:lX3 0t4Ar#O^vgtt^X. g.m#A&£Xf& 
%ti*<T»^)T-f)\>V—9rt)V7^ 3 H4Ar3rif<0^ 
v£tt#Xtf>"v 3 2t4S*;5rx#>"^ 3 3tt«aMf 



Xtf>"<. 3 6tt3*ffi«B&P, 3 4i5±tf3 5(4V y^ 

[0 0 54] Si0 2 #7X*^^Mfi#7Xi 

M^7M, 10" 5 Pa^itfxyA**2 1$: 
3 6<a*£SE»D£fflLTX£0E»Lfc. #>"<3 1 . 

tf x yA'*ft2 H:Ar fcgSWS:iAL^, 
B#<fl2S^Jt*t44 0%t\ 5x 1 0" 1 P a<7)ff;ft£T* 
SAU. ^<IT\ Ti0 2 ^'7b24C77fy 
^»y^X3 4Sr/hLTRF1KH3 5*^RFSAift 
teU RFJWS-frfc. as^0i*IB^"V-y^2 6SrBIBt 
■CTi-O-Ni^^y^KlL 2fcm£ittf>. Ar 

[0055] S«£ 5 5 0°CcOiajST^Oa 

L Ti-0-N«£»ftfl:S*fc. 3 1*Jj:rX 

3 3^fy^^A'«J r^'J-^A';^2 8&J:tf 3 

z<rm<7MM<r>itm±5%x\ 5 x i o- 1 p a^ji^^ 

tmUCo Si0 2 ^-y7h2 5i:77f 

y^f7^X34^URFtI3 5*^RFl*S 

ttTS i 0 2 J1£x;n 0 ^j£JKU Ark 

[0056]Ti-O-N jitOll^WT i 3 1 O e7 N 2 . 
if lOOnmt, S i O 2 JfC0KJ*«2 0 nmfc L 
fc. «r*$. S i OJiSr»«f &*&*4. S i Q 2 ?-y 
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•y b<Vtth*)l,ZS i O^-^y bSrlSBLTfi 1 ^*:* 
[0 0 5 7] »«C. ^Sfi^J2-l-2-4C0^7K14iE 

S i 0 2 (Si02) Jf<^IP^£^JEL^io£IS^ 

IPt ^jDi-^3t^Jt4Srft!l^l/2^L^ < > 4 
fc. it«^J2-A"Cti:Ti-0-Niit3Rx.Ti0 2 S 



wut. HJ^ttti2oog?^a^Tw^m^ 

tz. 

[0059] 
[^2] 



** 


SB 
MM 










TtON 






0 






(20nm) 






TION 


SK>2 
(50nm) 




0 


mmm-3 


TION 


SIO2 
(lOOnm) 




0 




TON 


SiO 




O ; 






(20nm) 


#1**12 -A 


TiOa 


(2Qmn) 


15ft 


0 



s i o 2 <7)mfr&h^z'te®&mfe&m$zti^ * . m 

[0 0 6 0] T i -0-N/f±fc:. PtffifffcL 
TO. 2nmifiU $^CS i OJ12 0 nmJBfifcLfc 



[006 1] ^tS0»T«Bfl8MBIW^T i 31 O e7 N 2 0 

1 37 O e7 N 2 <?)J: 5 (aKBfifiET*o-C fc*«WWT« 
[0062] r£tftffi|3j S«t0(3a. B5fc^Lfc* 

±c Ti-o-si, BKfcf-*>*£J«»:*JBj£U 
Lfc«*tt*f«r**. ■tf>J*s*i*h.« , u 2 0 0 n 

m. 50nm, 2 0 nnTC**. SB»W3W4. 4 0 0 
nmJjl±^«3t8:l«fISIS»L. flWfclO 

Lfc, — «6*<0llMtf-^V. S i 0 2 co»Jlf*T'tt 

2 0«£Lb4:sS:ofc. 

[0063] r Hf£#J4 J HJSCT4 tt. 9ttm7 *C*f 
J&TSfctfrC&O. yy*#7XfiiC, Ti-Cr- 

O-NUML. ?^:foB:Si0 2 l«l 



fc. W*!>J*Stt* ftlfft2 0 0nm, 2 0nmt» 

±tz, Ti-Cr-O-NMffll Cr3at 
%. Nl. 5atXt**. **jt«T«. 4 50nm 

[0064] 

ffiSra*^*. Ltzw~>x. mw3fx*%<. mnit 
<D'j?%\^fzi±%^mft^mmz&^x *> . SbBP^ 

fc. Ti-0-N4fcttTi-0-S3RttTiO,^— 
(CdS, W0 3 , Fe 2 0 3 , ZnOf) COXo 

[0065] **tt<0«fis i 0 2 ^S i 0«u 

[HI] lOBBn 1 <^J££^0*C$> * . 

[[22] Htfi^Si 2 ^ttJSfcS-tHTft * • 
[03] 3 Oflt«Sr^t*0r*> & o 

[04 ] co«fiRSr^0T»* • 

[05] £t&g& 5 c^gj&£^~r0-C$) & . 
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ii itt. 12 m&m, 1 3 mm. 1 4 tm 
mmm. 1 5 1 6 t i o 2 *siyB. 



[121] 



[02] 



15 



14 



11 



[H3] 



15] 



1B "\ , /I 

14 — . — d — xr~o — uu u o « 



:14 
11 



-I 



[B6] 



16 

TTO z 

«M 16 - 



fZ 

***** 

-a — o u o — ^5 cr^ 



*** 



15 
16 — 
14 - 

11 



A. 



w**nm 



[07] 




(72>»lD» *H 

®EP»aftH&SA#Br^ i ?^»^ : «iS4i# 
g»ms*na5ftA^Hr^«^iiji4i# 



!(9) 001-207082 (P200 1-20JL8 



F9— 4G069 AA03 BA02A BA02B BA04A 
BA04B BA13B BA48A BB02A 
BB04A BB06A BB20A BB20B 
BC22A BC31A BC35A BC50A 
BC50B BC54A BC58A BC62A 
BC64A BC66A BC68A BC70A 
BC71A BC72A BC73A BC74A 
BC75A BD02A BD02B BD06A 
BD06B BD08A BD08B EA07 
EB15Y EC28 ED02 EE06 
4J038 AA011 HA066 HA211 HA216 
HA441 KA04 NA06 PA07 



